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Nowadays, working in an ofﬁce environment is ubiquitous. At the same time, progressively more people
suffer from occupational musculoskeletal disorders. Therefore, the aim of this pilot study was to analyse
the inﬂuence of back pain on sitting behaviour in the ofﬁce environment.
A textile pressure mat (64-sensor-matrix) placed on the seat pan was used to identify the adopted
sitting positions of 20 ofﬁce workers by means of random forest classiﬁcation. Additionally, two
standardised questionnaires (Korff, BPI) were used to assess short and long-term back pain in order to
divide the subjects into two groups (with and without back pain). Independent t-test indicated that
subjects who registered back pain within the last 24 h showed a clear trend towards a more static sitting
behaviour. Therefore, the developed sensor system has successfully been introduced to characterise and
compare sitting behaviour of subjects with and without back pain.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Many people in Western industrial nations suffer from back
pain, with a prevalence of up to 90% within their lifetime
(Airaksinen et al., 2006; Breivik et al., 2006). Chronic low back pain
(LBP) has an international prevalence of 23% and is thereby the
most common form of chronic pain (Airaksinen et al., 2006;
Balague et al., 2012). Numerous psychosocial and physical aspects
may be responsible for its development, as well as its progression
into a chronic condition (Kr€oner-Herwig, 2011). However, literature
clearly linking causation to any speciﬁc factor is lacking. In com-
bination with these aspects, static loading, physical and psycho-
logical stress, are additional pressures present in the ofﬁce
environment (Chou and Shekelle, 2010). It therefore comes as no
surprise that prolonged static sitting is also thought to be associ-
ated with an increased risk of developing musculoskeletal disor-
ders in the back, neck, shoulders, arms and legs (Naqvi, 1994;
Winkel and Jorgensen, 1986). However, recent literature reviews
(Hartvigsen et al., 2000; Kwon et al., 2011; Lis et al., 2007; Roffeynics, ETH Zurich, Leopold-
Ltd. This is an open access article uet al., 2010) have failed to ﬁnd evidence of a causal relationship
between sitting and the presence of LBP and therefore concluded
that a sedentary lifestyle alone is not able to increase the risk of LBP.
According to May and Lomas (2010), the lack of a connection
between sitting and LBP is a result of the insidious nature of back
pain, since LBP is a highly multifactorial condition that can hardly
be localised precisely. Furthermore, in their systematic review,
Kwon et al. (2011) emphasised the difﬁculty of establishing
causation of LBP, but also identiﬁed several methodological weak-
nesses that likely contributed to the inability to ﬁnd an inter-
relationship between occupational sitting and LBP. Nevertheless,
Lis et al. (2007) suggested that the combination of an awkward
sitting position and/or body vibration (as might occur during long-
distance driving) with a prolonged static sitting behaviour in-
creases the likelihood of suffering from LBP. Despite controversial
discussion in the literature, it is conceivable that discomfort or low
levels of comfort caused by unfavourable or un-ergonomic sitting
positions, sitting behaviour or working conditions, is able to lead to
musculoskeletal complaints such as LBP (Vink and Hallbeck, 2012).
The optimal occupational sitting position and sitting behaviour
has been extensively discussed in the literature in recent years. The
long-standing doctrine of an ideal sitting position that is “as upright
as possible” has been strongly questioned (Marx and Wirth, 1996)
and has been slowly replaced by the concept of “Dynamic Sitting”,nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Schematic drawing of the SIT-CAT sensor systemwith the textile pressure sensor
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Dieen et al., 2001). A literature review conducted by Pynt et al.
(2001) suggests that there is no ideal sitting posture. According to
these authors, regular movements and a seated posture with
preferred lumbar lordosis is essential for preventing LBP. Changing
the sitting position is able to alter spinal geometry (Baumgartner
et al., 2012; Zemp et al., 2013) as well as to change lumbar disc
pressure (Andersson and Ortengren, 1974; Wilke et al., 1999, 2001).
Therefore, a dynamic sitting behaviour is able to vary the loading
conditions of spinal segments, which induces an effective pump
mechanism in the vertebral discs (Grandjean and Hunting, 1977).
This mechanism is thought to be critically important for interver-
tebral disc nutrition as well as resistance against degenerative
changes (Kr€amer, 1973). Therefore, it could be concluded that ofﬁce
workers should move more during their working hours. However,
overly frequent movements are maybe also an indication of
discomfort and instability, but a suitable range of movement
quantity has yet to be established (Graf et al., 1995). On the other
hand, recent systematic reviews have indicated that there is no
evidence that dynamic sitting alone has a positive effect on the
management of LBP (O'Sullivan et al., 2012), but also that dynamic
sitting does not signiﬁcantly alter trunk muscle activity (O'Sullivan
et al., 2013). Hencemore scientiﬁc studies are clearly needed before
a full understanding of the possible inﬂuences of dynamic sitting on
the human body can be gained.
Sitting behaviour has been analysed by means of different
methods such as force (Yamada et al., 2009; Zemp et al., 2015a) and
pressure distribution sensors (Arnrich et al., 2010; Dunk and
Callaghan, 2005; Mota and Picard, 2003), accelerometers (Ryan
et al., 2011), optoelectronic motion analysis (Dunk and Callaghan,
2005), human observation (Graf et al., 1995), activity diary
(Womersley and May, 2006), video analysis (Womersley and May,
2006), rachimeter (thin and ﬂexible goniometer with a small
inclinometer) (Vergara and Page, 2002) as well as actigraphy (Telfer
et al., 2009). Previous studies that have investigated pressure mats
for classiﬁcation of sitting position reported accuracies of up to
87.6% (Mota and Picard, 2003) and 98.9% (Kamiya et al., 2008) for
dynamic and static assessments respectively. Therefore, pressure
distribution measuring systems as well as force sensors integrated
within the seat pan and the backrest seem to be an accurate and
reliable way of investigating static sitting positions as well as dy-
namic sitting behaviour (Mutlu et al., 2007; Zemp et al., 2015a).
Furthermore, compared to other systems, pressure mats are rela-
tively cheap, easily applicable and have almost no inﬂuence on the
individual's adopted sitting position (Zemp et al., 2015b), and
therefore offer a practical solution for examining a subject's
behaviour.
Subjects with LBP or perceived lumbar discomfort have been
reported to adopt a more static sitting behaviour with less frequent
micro-movements and infrequent but large shifts in posture
(O'Sullivan et al., 2012; Telfer et al., 2009; Vergara and Page, 2002).
Consequently, subjects with LBP sit for longer periods of time in an
uninterrupted sitting position (Womersley and May, 2006).
Since subjects with back pain are known to sit in a less dynamic
manner than their more healthy counterparts, a vicious circle can
ensue where the frequent movements associated with preserving
spinal health are absent. However, we are not aware of any study
that has addressed the sitting behaviour of subjects with and
without back pain using an objective measuring method, and it
remains unclear whether a relationship exists between sitting
behaviour and LBP. Therefore, the aim of this pilot study was to lay
the foundations for comparing the sitting behaviour of subjects
with and without back pain by means of dynamic pressure distri-
bution measurements.2. Materials and methods
2.1. Measuring system
Sitting behaviour was analysed by means of our in-house
developed SIT-CAT (Sitting Categorisation Technology). SIT-CAT
consists of a textile pressure sensor mat (PST04, SensingTex, Bar-
celona, Spain) with an 8 8 sensor matrix (size 35 35 cm), a data
acquisition/transmission unit (SDK DEMO KIT, SensingTex) and a
mobile phone (Nexus 5, Google, LG, Seoul, Korea) with an appro-
priate application to receive as well as to store the pressure data
using Bluetooth technology (Fig. 1). The textile pressure mat was
laterally ﬁxed using two elastic straps around the seat panwith two
Velcro strips fastened around the backrest in order to prevent the
pressure mat from sliding during the measurement period. Pres-
sure data were recorded at 5 Hz and a resolution of 12 bits.
2.2. Participants
Twenty complete sitting behaviour data sets of voluntary sub-
jects working in an ofﬁce chair were recorded each during one
working day. All subjects (7 females and 13 males) with an average
age of M ¼ 45 years (27e57 years), a height of M ¼ 1.75 m
(1.60e1.89 m) and a weight of M ¼ 71 kg (50e105 kg) provided
written informed consent to participate in this pilot study, which
was approved by the ethics committee of the University of Potsdam
(no. 42/2014) and conﬁrmed by the local ethics committee of the
ETH Zurich. The measurements were carried out with employees of
the Swiss accident insurance company SUVA (Luzern, Switzerland)
at their own workplace.
2.3. Experimental design
Prior to the beginning of the working day, the subjects' ofﬁce
chairs were each equipped with SIT-CAT (Fig. 1) and the pressure
data recordingwas started. The subjects performed their usual VDU
work with a minimal working time of 3 h including a 15-min-break
in the morning, with a similar schedule in the afternoon, resulting
in a working and measurement time of at least 330 min. After the
working day, data acquisition was stopped and calibration mea-
surements for the detection of the sitting positions were per-
formed. To do so, subjects were asked to sit four times in seven
different sitting positions (upright, reclined, forward inclined,
laterally tilted right/left, crossed legs right over left/left over right;
Zemp et al. (2015a)). The examiner started the 1-s calibration
measurements after subjects had comfortably adopted the partic-
ular sitting position. The subject-speciﬁc ofﬁce chair settings were
maintained for both the sitting behaviour as well as the sittingmat (1), the data acquisition/transmission unit (2) and the mobile phone (3).
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tency in the execution of the sitting positions.
Subjects also received a standardised questionnaire, which
consisted of two sections measuring long (von Korff et al. (1992))
and short-term (BPI; Radbruch et al. (1999)) pain outcomes. The
von Korff inventory was chosen as it is a reliable, valid and widely
used tool (Hawker et al., 2011) to assess long-term pain. Further-
more, the von Korff inventory consists of fewer items compared to
most of the similar tools within the same range of reliability such as
the Oswestry Disability Index (ODI, Fairbank and Pynsent (2000))
or the RolandeMorris Disability Questionnaire (RMDQ, Muller et al.
(2004)). In addition, we speciﬁcally complemented the von Korff
inventorywith the BPI questionnaire due to its ability to assess back
painwithin the last 24 h, which is expected to have a high inﬂuence
on the current sitting behaviour.
Firstly long-term chronic pain was assessed using the von Korff
inventory that distinguishes between the intensity of pain (sub-
scale: Korff Pain Intensity), scale ranging from 0 (no pain) to 100
(worst pain possible) and impairment throughout pain (subscale:
Korff Disability) in the last three months (scale ranging from 0 (no
impairment) to 100 (“I wasn't able to do anything”)). For example,
one question for the determination of the pain intensity subscale
was: “During the past three months on the average how intense
was your pain on a scale from 0 to 10?”. Regarding the Korff
disability subscale, an example question was: ”In the last three
months, how strongly did back pain impair your leisure time ac-
tivities and activities with friends and family on a scale from 0 to
10?” (Klasen et al., 2004). The two subscales for pain and impair-
ment show good internal consistency in the sample with Cron-
bach's alpha of 0.79 for pain intensity and 0.88 for pain disability.
Secondly 24hr pain was assessed by the German Brief Pain In-
ventory (BPI) that consists of 13 questions (similar to the Korff
questionnaire, but looking at the last 24 h), and investigates pain
intensity (subscale: BPI Severity; e.g.: “Please rate your pain (0e10)
at its worst in the past 24 h”) and pain-related interference with
function (subscale: BPI Interference; e.g.: “Circle the one number
(0e10) that describes how, during the past 24 h, pain has interfered
with your normal work”). Once again, these two subscales show
good internal consistency in the sample with Cronbach's alpha of
0.90 for pain severity and 0.95 for pain interference.
The questionnaire was used to create four dichotomous vari-
ables dividing the subjects four times into two groups:
KorffPain: Subjects with a Korff pain intensity of 0 were allocated
to group A (no pain in the last three months) and all others to
group B.
KorffDis: Subjects with a Korff disability score of 0 were allocated
to group A (no disability in the last three months) and all others
to group B.
BPISeverity: Subjects with a BPI pain severity score of 0 were
allocated to group A (no pain in the last 24 h) and all others to
group B.
BPIInterfer: Subjects with a BPI interference score of 0 were allo-
cated to group A (no interference in the last 24 h) and all others
to group B.2.4. Data analysis
Raw pressure data were transferred from the mobile phone to a
computer where the data analysis was performed using MATLAB
(vR2014a, MathWorks Inc., Natick, USA).
2.4.1. Sitting position classiﬁcation and validation
In order to determine the sitting position of a certain time pointduring the one day pressure distribution measurements, random
forest classiﬁcationwas used (Breiman, 2001). A previous study has
shown that the random forest classiﬁcation approach is a suitable
and accurate method to classify different sitting positions (Zemp
et al., 2015a). We therefore performed supervised learning using
a random forest classiﬁer, where the subject-speciﬁc sitting posi-
tion classiﬁcation algorithm was trained with the 64 median
pressure values of the 1-s calibration measurements. An ensemble
of 500 decision trees with between two and ﬁfteen variables to
select at random for every decision split was used (MATLAB's
parameter name: NVarToSample), while all other parameters were
kept at MATLAB's default level. A leave-one-out (LOO) cross-
validation was performed for every subject individually to quan-
tify the reliability of the sitting position classiﬁcation as well as to
ﬁnd NVarToSample providing the highest classiﬁcation accuracy. As
a result, the data of all sitting position measurements except one
was used as training data and the remaining measurement was
used for validation. The predicted seating position was then iden-
tiﬁed as correctly or wrongly classiﬁed. This procedure was
repeated for every sitting position measurement (28 times), all
NVarToSample values as well as for every subject. Afterwards,
NVarToSamplewith the highest classiﬁcation accuracy was selected
to be used to classify the sitting positions in the dynamic pressure
measurements for the corresponding subject.2.4.2. Sitting behaviour
In order to identify time periods at which subjects were tran-
sient from one sitting position to another (transient period), raw
pressure data were analysed as follows: Firstly, the raw pressure
data of the 64 pressure sensors were zero-phase low-pass ﬁltered.
In order to do so, the pressure data were both forward and back-
ward processed using a ﬁrst order Butterworth ﬁlter with a cut-off
frequency fc of 0.2 Hz. Then, the ﬁrst order derivatives of the ﬁltered
signals were calculated and a threshold value tdiff deﬁned as 0.35%
of the maximal pressure in the upright sitting position during the
1-s calibration measurements was calculated. If more than two-
thirds of the loaded sensors showed a higher absolute change in
the pressure value than tdiff, the corresponding time points were
speciﬁed as a transient period. If a time gap between two transient
periods was shorter than 3 s, the two periods were connected and
considered as one longer transient period (Fig. 2). All remaining
time points were classiﬁed as stable time periods.
The sitting positions during the stable time periods were cat-
egorised by means of the created random forest ensemble of de-
cision trees for the corresponding subject. Using this approach, the
sitting position of the frame was classiﬁed 1 s after the onset of a
stable period. The identiﬁed sitting position was then assigned to
the whole stable period. This approach allowed the one-day sub-
ject's measurements to be allocated to the seven different sitting
positions, to transient periods as well as to periods where the chair
was not used (no pressure sensor loaded).
To analyse the inﬂuence of back pain on the sitting behaviour
the following sitting behaviour parameters were calculated:
dNmove ½h1: Mean number of movements during one working
hour; characterised by the number of transient periods during
thewholeworking day divided by the number of working hours.
dNpos ½h1: Mean number of positional changes during one
working hour; calculated as the number of sitting position
changes during the whole working day divided by the number
of working hours.
dtstable ½s: Mean time period of stable sitting; characterised by
the mean length of stable sitting periods during the whole
working day.
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Fig. 2. The top plot shows raw (dotted lines) and low-pass (LP) ﬁltered signals (solid lines) for the front left (1), front right (8), rear left (57) and rear right pressure sensor (64) for an
exemplary subject. Transient periods are highlighted in yellow, whereas the not highlighted time points are stable sitting periods. The lower plot shows the corresponding
calculated sitting positions. Positions A indicate a movement while position B shows a change in sitting position. (For interpretation of the references to colour in this ﬁgure legend,
the reader is referred to the web version of this article.)
Table 1
Results of the pain related grouping variables determined by the Korff and BPI
questionnaires. The grouping variables assigned the subjects to either subgroup A or
B. Subgroup A included all subjects with a Korff pain intensity (KorffPain), a Korff
disability point (KorffDis), a BPI pain severity (BPISeverity), or a BPI interference score
R. Zemp et al. / Applied Ergonomics 56 (2016) 84e91 87dtpos ½s: Mean time period of the subjects sitting in the same
sitting positions.
Ptransient[%]: Percentage of transient periods during the whole
working time.(BPIInterfer) of 0. Subgroup B contains all subjects with a corresponding classiﬁcation
parameter greater than 0. The numbers of subjects belonging to the different sub-
groups are marked with “#”. In addition, the mean parameter values as well as the
ranges of the corresponding parameters are provided for Subgroup B.
A
Number of subjects
B
Number of subjects
Mean value (range)
KorffPain #5 #15
19.81 (10e33.3)
KorffDis #12 #8
13.33 (3.3e26.67)
BPISeverity #13 #7
0.89 (0.5e1.25)
BPIInterfer #14 #6
0.74 (0.29e1.14)2.5. Statistical analysis
All statistical analyses were determined using IBM SPSS Statis-
tics (v22, SPSS Inc., Chicago, USA) and statistical signiﬁcance was
deﬁned at p < 0.05.
In order to understand, extract and summarise the overall
sitting behaviour, Principal Components Analysis (PCA) was con-
ducted on the ﬁve parameters of dNmove , dNpos , dtstable , dtpos and
Ptransient. As a ﬁrst step towards conducting PCA, the data were
converted into standardised z-scores. PCA was then applied using
the FACTOR procedure of SPSS. Here, the correlationmatrix method
was applied to extract the principal components. The factor score of
the ﬁrst principal component (SitBePar) was calculated bymeans of
a least squares regression approach.
In order to analyse how the different characteristics of pain
impact sitting behaviour, a linear mixedmodel analysis of variances
(ANOVA) was performed. The dependent variable in the ANOVA
was the representative sitting behaviour (SitBePar) while the in-
dependent variables were the various pain related groupings for
the participants, namely KorffPain, KorffDis, BPISeverity and BPIInterfer.
Furthermore, two-tailed independent t-tests were performed
for the ﬁve sitting behaviour parameters with the grouping variable
BPIInterfer. To adjust for multiple comparisons, a Bonferroni correc-
tionwas applied which decreased the signiﬁcance level to aBonf¼ a/
5 ¼ 0.01.3. Results
3.1. Back pain questionnaire
The low KorffPain (33.3), KorffDis (26.67), BPISeverity (1.25) as
well as BPIInterfer (1.14) scores indicated that only pain free or
subjects with only mild pain intensity as well as mild disability
were analysed within the present study (Table 1).3.2. Sitting position classiﬁcation and validation
The results of the analysis of the 1-s calibration measurements
demonstrated an overall classiﬁcation accuracy of 82.7% that varied
between 63.8% (upright) and 96.3% (forward inclined) for the
different sitting positions. The overall classiﬁcation precision was
82.7% with a range between 67.1% (reclined) and 95.1% (forward
inclined; Table 2). The random forest classiﬁcation algorithm
showed the best subject-speciﬁc performance with NVarToSample
values between two and six for 17 out of the 20 subjects (Fig. 3).
3.3. Sitting behaviour
The two most adopted sitting positions were the upright and
forward inclined sitting positions with an average occurrence of
24.4% and 25.3% of the whole sitting time. Half the subjects clearly
preferred one sitting position with 45% or more of their time spent
in that position (Fig. 4).
SitBePar, the ﬁrst extracted principal component, comprised
almost equally of all ﬁve sitting behaviour parameters, with cor-
responding component loadings of 0.887 ð dNmoveÞ, 0.747
Table 2
Leave-one-out cross-validation confusion matrix. Confusion matrix of the random forest classiﬁcation algorithm with the actual sitting position shown in rows and the
predicted sitting positions in columns. The correct classiﬁed cases (diagonal elements) are marked in bold. The analysed sitting positions were the following: upright (1),
reclined (2), forward inclined (3), laterally tilted right/left (4/5), crossed legs right over left/left over right (6/7).
Predicted sitting position Accuracy [%]
1 2 3 4 5 6 7
Actual Sitting Position 1 51 19 1 3 4 0 2 63.8
2 15 57 0 5 1 0 2 71.3
3 1 0 77 0 1 1 0 96.3
4 4 7 1 66 0 2 0 82.5
5 4 2 1 0 72 0 1 90.0
6 0 0 1 1 2 67 9 83.8
7 0 0 0 1 0 6 73 91.3
Precision [%] 68.0 67.1 95.1 86.8 90.0 88.2 83.9
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0
1
2
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Fig. 3. Histogram of the MATLAB's NVarToSample parameter value performing the best
for the 20 different subjects.
Fig. 4. Distribution of the used seven sitting positions and the transient period (Ptransient) in percentage of the working time for the 20 different subjects. The mean values are
displayed as red bars. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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the fact that the ﬁrst principal component captured 69% of the
entire variance in the data, SitBePar was chosen as the represen-
tative sitting behaviour parameter.The four-way ANOVA showed that the pain grouping variable
BPIInterfer had the highest inﬂuence (p¼ 0.116) on the general sitting
behaviour (SitBePar), while the corresponding p-values for the
other groupings were 0.659 (BPISeverity), 0.763 (KorffDis) and 0.935
(KorffPain).
The grouping variable BPIInterfer showed the greatest effect on
the sitting behaviour parameters dtstable (p ¼ 0.031), dNmove
(p¼ 0.032), and Ptransient (p¼ 0.064). The parametersdtpos and dNpos
were less impacted by the pain related grouping BPIInterfer explained
by p-values of 0.227 and 0.417 respectively. Further details about
the results of the descriptive statistics on the ﬁve sitting behaviour
parameters are presented in Table 3.
4. Discussion
Occupational musculoskeletal disorders (especially chronic LBP)
are ubiquitous and modern ofﬁce jobs require prolonged periods of
static sitting (Reinecke et al., 2002; Vink and Hallbeck, 2012). Pro-longed static sitting is thought to be associated with an increased
risk of musculoskeletal disorders (Naqvi, 1994; Winkel and
Jorgensen, 1986). However, since clear causality as well as the
exact effects of dynamic sitting are yet to be established (O'Sullivan
Table 3
Descriptive statistics of the four different pain related grouping variables.
Grouping variable Parameter Subgroups Mean SD Min Max
KorffPain dNmove ½h1 A: Korff pain intensity ¼ 0 77.6 15.1 61.9 100.9
B: Korff pain intensity >0 77.6 21.4 47.2 114.2
dNpos ½h1 A: Korff pain intensity ¼ 0 21.9 7.0 11.3 29.5
B: Korff pain intensity >0 22.1 7.1 9.3 34.7
dtstable ½s A: Korff pain intensity ¼ 0 40.5 8.5 28.3 51.0
B: Korff pain intensity >0 44.0 14.4 25.4 70.6
dtpos ½s A: Korff pain intensity ¼ 0 155.1 66.2 107.5 266.5
B: Korff pain intensity >0 160.5 67.7 87.3 354.4
Ptransient[%] A: Korff pain intensity ¼ 0 15.5 3.6 11.8 20.8
B: Korff pain intensity >0 12.9 4.2 7.6 21.6
KorffDis dNmove ½h1 A: Korff disability score ¼ 0 79.5 21.4 47.2 114.2
B: Korff disability score >0 74.7 17.7 50.4 103.6
dNpos ½h1 A: Korff disability score ¼ 0 23.0 5.8 11.3 29.5
B: Korff disability score >0 20.5 8.6 9.3 34.7
dtstable ½s A: Korff disability score ¼ 0 42.1 14.0 25.4 70.6
B: Korff disability score >0 44.7 12.3 28.6 65.6
dtpos ½s A: Korff disability score ¼ 0 144.6 49.1 107.5 266.5
B: Korff disability score >0 180.9 83.6 87.3 354.4
Ptransient[%] A: Korff disability score ¼ 0 14.3 4.6 7.6 21.6
B: Korff disability score >0 12.4 3.3 8.1 17.8
BPISeverity dNmove ½h1 A: BPI pain severity score ¼ 0 80.1 18.4 47.2 109.8
B: BPI pain severity score >0 72.8 22.4 50.4 114.2
dNpos ½h1 A: BPI pain severity score ¼ 0 22.4 6.4 11.3 32.0
B: BPI pain severity score >0 21.4 8.3 9.3 34.7
dtstable ½s A: BPI pain severity score ¼ 0 40.9 11.9 28.3 70.6
B: BPI pain severity score >0 47.3 15.1 25.4 65.6
dtpos ½s A: BPI pain severity score ¼ 0 151.4 53.3 92.6 266.5
B: BPI pain severity score >0 173.5 87.1 87.3 354.4
Ptransient[%] A: BPI pain severity score ¼ 0 14.4 4.0 7.6 21.6
B: BPI pain severity score >0 12.0 4.4 7.9 19.4
BPIInterfer dNmove ½h1 A: BPI interference score ¼ 0 83.6 19.1 47.2 114.2
B: BPI interference score >0 63.6 13.5 50.4 84.1
dNpos ½h1 A: BPI interference score ¼ 0 22.9 6.4 11.3 32.0
B: BPI interference score >0 20.1 8.2 9.3 34.7
dtstable ½s A: BPI interference score ¼ 0 39.1 11.8 25.4 70.6
B: BPI interference score >0 52.5 11.9 36.0 65.6
dtpos ½s A: BPI interference score ¼ 0 147.3 52.4 92.6 266.5
B: BPI interference score >0 186.8 88.9 87.3 354.4
Ptransient[%] A: BPI interference score ¼ 0 14.7 4.1 7.6 21.6
B: BPI interference score >0 10.9 3.3 7.9 15.8
Mean values, standard deviations (SD), minimal (Min) and maximal values (Max) of the ﬁve sitting behaviour parameters ð dNmove ; dNpos ; dtstable ; dtpos ; PtransientÞ of the four
different pain related grouping variables (KorffPain, KorffDis, BPISeverity, BPIInterfer).
R. Zemp et al. / Applied Ergonomics 56 (2016) 84e91 89et al., 2012; O'Sullivan et al., 2013), the aim of this study was to
analyse the relationship between back pain and speciﬁc sitting
behaviour parameters.
4.1. Back pain questionnaire
With regard to the results of the back pain questionnaire, it is
important to note that only the inﬂuence of slight pain/interference
on the subjects’ occupational sitting behaviour were analysed
within the current pilot study. Nevertheless, it was possible to
divide the subjects into two groups based on each of the four pain
related questionnaire groupings (KorffPain, KorffDis, BPISeverity, BPIIn-
terfer), and compare against sitting behaviour.
4.2. Sitting position classiﬁcation and validation
The achieved overall sitting position classiﬁcation accuracy
(82.7%) was comparable with the results of previous studies using
pressure sensor mats to detect different sitting positions that re-
ported accuracies of 79% (Tan et al., 2001), 87.6% (Mota and Picard,
2003), and 85.9% (Xu et al., 2013). However, the studies of Tan et al.
(2001) as well as Mota and Picard (2003) used additional sensors
on the backrest, whereas Xu et al. (2013) solely based theclassiﬁcation on a seat pan pressure mat with four times the res-
olution of sensors (256-sensor-matrix) than we used in the current
study. Therefore, the classiﬁcation accuracy achieved in this study,
solely based on a 64-sensor-matrix placed on the seat pan, was
remarkably high, possibly due to the use of tuned random forest
algorithms for accurate subject speciﬁc sitting classiﬁcation. Inter-
estingly, the slightly lower accuracy values for the upright and
reclined sitting positions can be explained by the fact that most of
the participants ﬁxed their backrest in an upright position during
their working time. Therefore, for these subjects, the upright sitting
positionwas almost the same as the reclined one. Thus, the upright
position was often misclassiﬁed as the reclined position sitting and
vice versa. If these two positions would have been considered as
one and the same, the classiﬁcation accuracy would have increased
up to 88.8% for the corresponding six sitting positions.4.3. Sitting behaviour
Most of the investigated subjects largely performed their work
in an upright and a forward inclined sitting position, whereas the
reclined position was hardly used. This ﬁnding suggests that the
subjects were often working in a screen-based, forward-oriented
position. The distribution of the adopted sitting positions (Fig. 4)
R. Zemp et al. / Applied Ergonomics 56 (2016) 84e9190showed a very high inter-individual variability and therefore the
use of average metrics to describe sitting behaviour has to be
considered carefully. Furthermore, due to the fact that there is no
ideal ergonomic sitting position (Pynt et al., 2001) that should be
maintained for longer periods of time, but also since a dynamic
sitting behaviour is important to maintain the health of the back
(Kr€amer, 1973), the investigation of the dynamics of the sitting
behaviour is much more important than the analysis of the used
sitting positions themselves.
The factor score (SitBePar) of the Principal Components Analysis
conducted on the ﬁve pressure parameters
dNmove ; dNpos ; dtstable ; dtpos and Ptransient was able to capture almost
70% of the variance in the data and therefore proved to be a char-
acteristic value for describing sitting behaviour. As a result, SitBePar
was used to analyse the inﬂuence of the three related grouping
variables on general sitting behaviour. The corresponding ANOVA
revealed that the grouping that considers the degree to which pain
interferes with function in the last 24 h (BPIInterfer), although not
signiﬁcant, has a strong inﬂuence on the sitting behaviour. On the
other hand, the groupings based on pain severity within the last
24 h (BPISeverity), chronic pain intensity (KorffPain), and level of
disability within the last three months (KorffDis), had almost no
inﬂuence on the subjects’ sitting behaviour. This indicates that not
the acute (previous 24 h) or chronic pain by itself, but rather the
inﬂuence of acute pain on the functionality is able to alter occu-
pational sitting behaviour. It is therefore plausible that people with
back disorders but without any acute interference may not pres-
ently be aware of any pain, whereas subjects interfered by their
pain are constantly reminded and therefore may adapt their sitting
posture.
In order to analyse the inﬂuence of BPIInterfer on the sitting
behaviour in detail, the ﬁve sitting parameters were analysed
individually by means of independent t-tests for the corresponding
grouping with the greatest ability to differentiate sitting behaviour.
The low p-values for the parameters dtstable ; dNmove as well as
Ptransient indicate a clear trend towards a more static sitting
behaviour for subjects that are slightly affected by the back pain
within the last 24 h compared to the ones without any interference
(BPIInterfer). In particular, subjects without pain related interference
within the last day sat on average for a shorter period of time un-
interrupted ð dtstableÞ, performed on average a higher number of
movements ð dNmoveÞ as well as showed a higher proportion of
interrupted sitting time (Ptransient). These ﬁndings are in agreement
with previous studies (O'Sullivan et al., 2012; Telfer et al., 2009;
Vergara and Page, 2002; Womersley and May, 2006), which re-
ported that subjects with LBP or lumbar discomfort exhibited a
more static sitting behaviour, including less micro-movements, but
also sat for a longer period of time uninterrupted. However, in the
present study these trends could only be clearly demonstrated for
the grouping variable BPIInterfer and not for either short-term pain
severity (BPISeverity), or longer-term pain intensity (KorffPain)/
disability (KorffDis) as assessed over the period of three months,
which is the typical cut-off time to be considered chronic. One key
reason for this result could be the fact that the investigated subjects
exhibited almost no chronic back pain, as well as an insufﬁcient
degree of non-chronic back pain to allow investigation of these
effects in the other pain related groupings. If one consults the mean
parameter values of the grouping variables BPISeverity and KorffPain
(Table 3), however, the trend towards a more static sitting behav-
iour for subjects with back pain is indicated by almost all sitting
behaviour parameters.
A clear limitation of the current study is the low number of
subjects analysed and that the spectrum of back pain levels in the
subjects was low. As a result, the groupings should be considered
carefully. However, as a pilot study, this investigation now providesclear indications as to the required direction of future studies for
improved understanding of the relationship between sitting
behaviour and back pain. Furthermore, pain intensity as well as
disability scales have not often been used to divide subjects into
different pain related groups, but are rather normally used to
provide continuous dimensions (Von Korff, 2011; Von Korff et al.,
2014). However, investigating the inﬂuence of the different
continuous pain scales on sitting behaviour parameters was not
feasible in the current study due to the low levels of pain intensity
and disability within the analysed subjects. Nonetheless, we were
able to illustrate the inﬂuence of back pain on sitting behaviour,
even with low levels of back pain as well as a low number of sub-
jects. As a result, it is reasonable that the relationship between back
pain and sitting behaviour would be far more pronounced in sub-
jects with more severe discomfort. Future studies should therefore
speciﬁcally recruit subjects with higher pain levels, but possibly
also analyse the inﬂuence of the exact location of back pain on
different sitting behaviour parameters.
It has been shown that breaks in sitting time, regular changes
between different sitting positions, as well as changing from a
sitting to a standing working position all have a positive effect on
the human body (Adams et al., 2006; Healy et al., 2008, 2011; Pynt
et al., 2001). However, ofﬁce workers often use only a few sitting
positions, as it is very difﬁcult to be aware of the sitting position/
behaviour during concentrated working (Daian et al., 2007; Haller
et al., 2011; Phillips, 1999). In order to increase awareness, sitting
behaviour monitoring and feedback devices can be used, which
could help preventing as well as detecting discomfort and
musculoskeletal disorders at an early time point (Haller et al.,
2011). However, musculoskeletal disorders and especially LBP are
multifactorial in nature and therefore the whole biopsychosocial
spectrum has to be considered to ensure thorough analysis and
treatment (O'Keeffe et al., 2013). With this in mind, sitting behav-
iour is one of the factors that can be easily adapted and improved.
Since, we are not aware of any product currently available on the
market that is able to accurately monitor and analyse sitting
behaviour and provide feedback to ofﬁce chair users, SIT-CAT can
offer users a suitable monitoring tool for personal feedback on
sitting behaviour.
5. Conclusions
The introduced in-house developed SIT-CAT technology could
successfully be used to classify different sitting positions with an
accuracy higher than 80%. Although only subjects without or with
mild back pain participated in this study, we were able to investi-
gate differences in the sitting behaviour based on pain related
groupings. Indeed, subjects slightly affected by back painwithin the
last 24 h exhibited a more static sitting behaviour compared to
subjects without any discomfort. In the future, a feedback system
could be integrated into the introduced SIT-CAT technology in order
to increase awareness of sitting position and behaviour.
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